S3

General procedures and data for ligand and reaction condition screenings
General procedure for reaction optimization (Table  1 , S1-3):
(2-Bromobenzylidene)hydrazine (47.8 mg, 0.24 mmol), Pd(OAc)2 (4.5 mg, 0.02 mmol), ligand (0.05 mmol) and base (0.6 mmol) were loaded to a Schlenk tube equipped with a Teflon-coated stir bar and screw cap. The tube was carefully evacuated and backfilled with nitrogen for three cycles.
Norbornene (28 mg, 0.3 mmol) was added under a stream of nitrogen purging from the Schlenk line and 2-Iodotoluene (26 L, 0.2 mmol), solvent (0.1 M, 2.0 mL) were added by syringe. The tube was placed into a preheated oil bath (130 °C) and stirred for 18 h. After completion of reaction, the reaction tube was allowed to reach room temperature. Ethyl acetate (~3 mL), dodecane (45 µL, internal standard), water (~2 mL) were added. The organic layer was subjected to GC analysis. The GC yield was previously calibrated by authentic sample/dodecane calibration curve.
A benchmarking reaction has been shown in Table S1 and we initiated the optimization with a survey of phosphine ligands. PCyPh2 (Table S1, entry 2) was found to have the optimal balance of electron richness and steric hindrance, giving the highest yield in this comparison. More electron rich (Table S1 , entry 1, 6) and electron-deficient ligands (Table S1, entry 7, 11) were poor performers in this survey. Bulky (Table S1, entry 4, 12-15) or bidentate (Table S1, entry 16) ligands gave low yields (13-45%) in general. A wild range of strong and mild bases promoted the reaction (Table S2, entry 1 , 3-6, 9-10) while K2CO3 has been chosen due to its economic attractiveness and ease of handling. Na2CO3, Na3PO4 and K2HPO4 gave low yields (5-10%, Table S2 , entry 2, 7-8), which is presumably due to their low solubility in toluene. Several solvents with a high boiling point were screened and DMF proved to be the best solvent (Table S2 , entry 12). The stoichiometries of reagents were also optimized as shown in Table S3 . 1.5 equiv of norbornene and 1.2 equiv of hydrazone 2a was found to provide the highest product yield (80%, Table S3 , entry 1). were added by syringe and the tube was placed into a preheated oil bath (130 °C) and stirred for 18 h. After completion of reaction, the reaction tube was allowed to reach room temperature.
S4
General procedures for regioselective synthesis of fluorenes
Ethyl acetate (~4 mL) and water (~3 mL) were added. The organic layer was separated and the aqueous layer was washed with ethyl acetate. The filtrate was concentrated under reduced pressure. The crude products were purified by flash column chromatography on silica gel (230-400 mesh) to afford the desired product. 
Procedure for gram-scale reaction
General procedure for gram-scale synthesis: Pd(OAc)2 (224.5 mg, 1 mmol), PCyPh2 (670 mg, 2.5 mmol), (2-bromobenzylidene)hydrazine (2388 mg, 12 mmol) and K2CO3 (4140 mg, 30 mmol) were loaded to a Schlenk flask (500 mL) equipped with a Teflon-coated stir bar and screw cap.
The tube was carefully evacuated and backfilled with nitrogen for three cycles.
Norbornene (1410 mg, 15 mmol) was then added under a stream of nitrogen purging from the Schlenk line. 2-Iodotoluene (1300 L, 10 mmol) and DMF (0.1 M, 100 mL) were added by syringe. The mixture was stirred for 2 minutes at room temperature and placed into a preheated oil bath (130 °C) and stirred for 18 h. After completion of reaction, the reaction tube was allowed to reach room temperature. Ethyl acetate (~3 mL), and water (~2 mL) were added. The filtrate was concentrated under reduced pressure. The crude products were purified by flash column chromatography on silica gel (230-400 mesh) to afford the desired product. When deuterium labelled hydrazone A was tested under the standard reaction conditions, less than 10% deuterium was incorporated at the methylene position (Scheme S1A). The decreased yield of 47% might indicate a more difficult C-D activation of the hydrazone carbon at palladacycle C. However, the C9-proton of fluorene is weakly acidic and could undergo H/D exchange under basic conditions. We have prepared deuterium-labelled fluorene B by adding 20 equiv of D2O into the standard reaction mixture (Scheme S1B). Treating B with 3 equiv of water and K2CO3 gave 3a with less than 15% deuterium incorporation (Scheme S1C). When the reaction was carried out in DMF-d7, no H/D exchange was observed at C9-H (Scheme S1D).
Procedure for three-component reaction
Scheme S1 Deuterium labelling study S9 S10 S11 7. Characterization data for coupling products 1-Methyl-9H-fluorene ( Table 2, 8, 21.4, 35.4, 117.9, 119.8, 125.0, 126.4, 126.6, 128.7, 133.8, 136.6, 139.1, 141.5, 142. 3, 55.3, 108.6, 112.7, 120.1, 125.1, 126.6, 126.7, 128.4, 130.5, 141.8, 143.4, 143.4, 156.3; HRMS: calcd. Hz, 1H); 13 C NMR (100 MHz, CDCl3) δ 33.7, 55.4, 55.7, 96.3, 97.5, 119.9, 123.2, 125.1, 126.5, 126.7, 141.7, 143.6, 144.1, 156.8, 161 .0; HRMS: calcd. for C15H15O2 [M+H] + : 227.1067 found 227.1067.
1-Isopropyl-9H-fluorene (Table 2, entry 3e)
Yield: 79% (32.9 mg); White solid; Melting point 47.8 -49. 1, 31.1, 35.5, 117.5, 119.9, 123.2, 124.9, 126.6, 126.7, 127.5, 140.7, 141.5, 142.2, 143 1, 120.1, 123.1, 123.3, 125.0, 125.6, 127.0, 127.2, 127.7, 140.1, 140.6, 142.9, 143.4; HRMS: calcd. for C14H8F3 [M-H] -: 233.0584 found 233.0584. S13
1-Phenyl-9H-fluorene (Table 2, entry 3g) 4
Yield: 58% (28.1 mg); 1 8, 118.9, 120.0, 124.8, 126.7, 126.8, 127.2, 127.3, 127.4, 128.5, 128.5, 139.1, 140.9, 141.1, 141.5, 142.1, 143. 2.
3-Fluoro-1-methyl-9H-fluorene (Table 2, entry 3h)
Yield: 76% ( 1 Hz), 119.5, 121.4 (d, J = 18.7 Hz), 124.9, 126.1, 126.8, 137.0 (d, J = 2.6 Hz), 141.4, 142.9 (d, J = 2.0 Hz), 144.5 (d, J = 5.8 Hz), 160.6 (d, J = 243.3 Hz) ; HRMS: calcd. for C14H12F [M+H] + : 199.0918 found 199.0918. S14
11H-Benzo[a]fluorene (Table 2, entry 3j) 5
Yield: 59% (25.5 mg); 1 H NMR (500 MHz, CDCl3) δ 4.18 (s, 2H), 7.35 (t, J = 7.4 Hz, 1H), 7.43 (t, J = 7.4 Hz, 1H), 7.48 (t, J = 7.5 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H), 7.64 (d, J = 7.4 Hz, 1H), 7.85 (d, J = 7.4 Hz, 1H), 7.89 (d, J = 8.4 Hz, 1H), 2H), 8.02 (d, J = 8.2 Hz, 1H) ; 13 C NMR (126 MHz, CDCl3) δ 35.6, 118.7, 119.6, 124.0, 124.9, 125.3, 126.3, 126.4, 126.8, 127.8, 128.9, 130.7, 132.8, 138.9, 139.8, 142.6, 143.3 . 2, 119.9, 121.3, 122.0, 124.9, 125.7, 126.7, 127.0, 129.2, 132.2, 139.5, 139.6, 141.8, 143.3, 147.9, 149.6 3, 116.1, 120.9, 123.8, 124.0, 124.9, 125.1, 125.1, 125.2, 125.5, 126.8, 127.4, 127.9, 127.9, 128.1, 130.9, 131.0, 131.1, 136.6, 138.3, 139.7, 140.7, 142.4; HRMS: calcd. for C24H17 [M+H] + : 305.1324 found 305.1323. 6, 55.3, 55.7, 56.1, 56.2, 95.7, 96.4, 103.0, 108.3, 122.9, 134.2, 136.6, 144.0, 148.5, 148.8, 156.5, 161 8, 55.3, 55.5, 55.6, 95.8, 96.4, 110.6, 112.7, 120.4, 122.3, 134.7, 143.5, 145.9, 156.6, 159.3, 161 ); 13 C NMR (126 MHz, CDCl3) δ 21. 5, 23.0, 31.0, 35.0, 117.3, 120.4, 122.9, 124.5, 127.3, 127.5, 136.2, 140.0, 141.1, 141.5, 142.2, 145. 
11H-Indeno[2,1-f]quinoline (
